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AR1 56 


IT) 

ON 

IT) 

(57) Abstract: In an exposure apparatus, an exposure of a substrate (?) is carried out by filling at least a portion of the space between 
^ a projection optical system (PL) and the substrate (P) with a liquid (50) and projecting the image of a pattern onto the substrate (P) 
5 through the projection optical system (PL). An optical element (60) and a lens-barrel (PK), which are in contact with the liquid (50) 
fs| when the substrate (P) is moved, are subjected to a surface treatment for adjusting the affinity with the liquid (50). Consequently, 
^ formation of air bubbles in the liquid between the projection optical system and the substrate is suppressed and the liquid is always 
w held between the projection optical system and the substrate, thereby creating a good immersion state. 
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- >" ft L&^b77^©;^- > ft£fcjBft3feft ft ^ b -c»fii3fe^-r £> 

mnm£kbm<te%&£\ £fcs#*t^(Drap##*3iM3:*r*<fc*o 

P^feii^LTtN^o ^LTs 3&SE£3fcG>Bft»Slix K r F X+v T U -+f<JD 
2 4 8 nm-efel^s IEI^;M(DA r Fi+v7U-1fffl 1 9 3 nmfc^fflfls 

?w?o ^7feft?f-5Pgi3iiv m&&£mmzMj&m&. (dof) t, 

r = k , • A/NA ••• (1 ) 

<5=±k 2 A/NA 2 ••• (2) 

&Tr£>3o (1)5^ (2) 3«fcDx ^fttRftfctoSfctol^ B*t»*A«*S 
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&f^H9 9/4 950 4^m&iz.m^$HTi\%mm&tfiEim£tiT^2>o za> 
#3** tans ii ©Ba-ejRfls* 3S l & #6 MTfc-r 3 ^©^©sstLi^ass^ 

*#|0J§©fll 1 (D«t»l^x.fis nv-ycD&ikfeW (5 0) £^ltS*£ 

(P) ±IZte!f:LTa£ttteB&«B3te£B-ea&oT : 
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BuiB/^-xD^^a^fdfe^-rs^^m (pl) *mz. 
tHESie^* (pl) (ommmw ( 5 o ) t&tt-r 3sp# ( 6 0 % pk) 
a<*(5 0) fc(z>«wntt*«i*rafctoiiaiia4a3i**iTu*a3feM (ex) 

Tfeid^r irijt^ tir 1 \ 5 e> r , b%4> *><*£iu t - viz: 

*%RS(Z>*2a)IS»f3fl£jLtfx /t*->©*4»# (5 0) ^^ITiffi 
(P) ±l3|£^LTft*&£K:&^i>^:&II^T:fcoT : 

*rB>t*->©**rai;:»ie«^^# (pl) fcfliiu 
faes*^* (pl) *(z>5wi<d^*^ (60) mm^^m 1 aiis 

fi|J£ ( A R 1 ) tv SB1 MflUE ( A R 1 ) mSWm 2 &S?5*£ (A R 2) fcfc 
f U 

»1St®«« ( A R 1 ) G>mfc (50) l3W"i-S«Wn1±*«x Se2*fflfi# (A 

R2) am* (5 0) i^i-ss»fpi4«fco«fcflsu»3tsia (ex) tfmmztiZo 
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*«B.a©Sg3(Z>«8«6l^iLtfx «^t:-A (EL) TVt*->fcJ8WJ3U 
-XD&Ztei* (5 0) fe^lTSfi (P) ±l3te^LTSt5^S7 l cr?)M^ 
Iffeot : 

|JE/t^->(Dfft*:»EI3«MBrs»»^* (PL) h ; 

««^* (PL) (P) fc©IHCD'J>£< hfc-gp£>$# (5 0) T?» 

fe-T »M1t ( 1 x 2 ) i: ; ftfltitx 

Jftfls (5 0) 0f*4d, (PL) (P) fcOMKfeW-ifc 

#(50) 0)SRtiffijSJK& v,M(50) ©ffijftfc p x Sfcf* (50) (D^TO 
Hfe^M^LTx 3M« (V'd'p)/M^20 OO^l^^tUSl^t 
(EX) Wm&ZtlZo 

*^l3j;ti«x ±IB^f^^)t^^-^>chaiZx (PL) 
(P) fc(DlB(D'J>ft < ht-gPI^^^^HS^^I^-TSZhtcfcOx 

*»E©*4(D»ttfcfi£3LI*s H^t'-A (EL) T^** (M) 
ML//^-XDt^# (5 0) 4^LTS« (P) ±li<E^UrS«fe 

Mien 0 * - >(D&*mmzmt? (pd t ; 

®&%m3k (PL) (P) fc<DRB©'J>fc< h«fe-ePft}«#"x?)Sfc-rfeto 

(1 x 2) ; £i/£*x 

^(50) tmm. (p) ©^s^ro]t^i^}jSihfeoT5s*isa^g 
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(ex) wymztiZo 

*»t»u:J:*itf* mmtm*m*<Di5mz.&K)mm-tzz£izj:K). m^iz 

fcliltfv (SIR) «ft*J»Lfe!3x JftaiMflD^frttlft^X 

-xo^m.W (5 0) ^itss (P) ±i;:i£^LT£*K&ii3fe-5-SB3te3£ 

tulB/\^->©^^«^lc:^^-i»^7 , 6^ (PL) h ; 

Sffi ( P ) ±©*-l^* (50) SSft»g* ( K 2 ) £ ; 

mmmm ( 1 > 2 ) *»-r§$'j^s (cont) t ; ^x., 
f*$i$p£{i (coNT)its«i(p) (Dm^izmw ( 5 0 ) ©twaaMSit 

*«B < S©«6©fiSttilw$£5L« N &&%&Jh (PL) dcfcS^-XD&fcgliS 
(P) ±l3}£iS LT^tS (P) *&9tt%&%l5m\Zte^X : 

^Ttfri-x sts (P) ^ (so) t©ssi«jtt4W0Si-rsfc«>i« 

®&%&Jh (PL) (P) fc©ra©'i>fc<£«fc-SJ&i*f* (50)-Cl 
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mi* (5 0) fe^urlMS (P) ±\z&&-fzz\£ 

itii:fcms*it^i:f, &fc±izmte*mmmmzft&tevim-c*mT'% 

0 5 (a) ~ (c) (± N ^®toSA<J6**iTl\fet^iftlB^^taitRfcfl!)lffll3 

0 6 (a) ~ (c) li % ^®^SIA<iSc5F*ifeiS^^iiStRi:<Z)rai3j«f*:A< 

08 (a) JkV (b) \t, m&s X)l,(Dito(DmM®fe7r^m-ZfoZo 

01 oi* N ^^^u^cDi.itx^cD-^j^^-r^D-^-v- hiatr^So 
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i, V^^M^S^E LTr?BBJ^-i,^B^^l Lhs g&:&E L7^BSBJ3£;i^fc 
v;^ MOV?* - >©^£St£7.^-v P s T\z$;ft£ti-ci^m5.Plzlk&m 

N Ti: ; &iiix.Tt'»i>o 

i-zm-g&mzL-cma-rzo in.T(Dmmz&i\T^ K?iPL07t«Ax 
mfewhjjfa ^x$4^-[pj. z$ft^(n]^^Y^fS]i'SiS^^iR] am 

ex, 0Y S ZftfaftZo ::tuo r^tsj l±*MH**x/\± 
^ - > £ jfcfifc 2 jfxfc u ^ ;u £ ^ £ 0 
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mwztiZo i l fribMftztizmytieE l t una. mzitym^ 

>7fr*ttlht!ti2>MH&<DB& (giML h«U i K r Fil*v V lx- 

-»f3fe (M2 4 8nm) mCDMmftft (DUV&) A r F > V U -*f% 
9 3 nm) F 2 U-+f3fe 0**11 5 7 nm) «©*3£#*Ute (V U 

cD^«iAX(z:sEW®rt> x Y3Fmft-C'2&7t&W)-5jmmfe z-zgl 

5/'SiStM S T Dl^cfc tJffittdtiSo 77^7f-i/«glSM S T DlifiJ^P 
ifCO N TIZ1J: OftiJfflStiSo 77^7f-i/'MS T±(Z> £ M<D 2 &7t;fr 

I4$jffll|£tt CONTCldi^ftSo $iJ^P^«C O N T 14 U -If TSMH-flDtfiMtt* 

l?l^|gp#. #lx.l4*X^>UX (S U S 4 0 3) -eBtitetitzmmP K~Cl£ 
SdnruSo »tWe»l^fel^Tx «*&5&*PU4x *6»fS*i8WJx.l41 
/4fc*lW41/5©tt^mT!feSo jftR^P UtW&WJSilfV&zJh 

©U^tllrtctUo ££s P L<DStRPfiy©$feS»$P7li 

I4x 53$. 7yfc*JU5/£A Jfe^co^r^XSPtt^&J^jESdtifc^fT^FBi 
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^LT^nZ7T-y5 1 Z^-> 5 1 X Y 7.5^- f>" 5 

2t, XYXf->5 2fe^n^-75 3h£H;iTlN5o »f-vP 
S Tl* U-7^-*^DS^*^->lIi!)£ISP S TDIZcfc OiEHj^^So StK 
X^- <>-J§glb£S P S T D li$iJffll^S C O N T (3 «fc "9 ftjffl £ ft 3 o Z7f->5 
1 4ffi»-i-S3i:li«k0 N Z7f-v5 1 IZfiHf* tiTt^»t5 P © Z^rS]l3 

££s XY7f-v5 2&ffilb-r?»^i:l3«fc»3x StSPCDX Y £ ft 1 3 felt 3 &g 

(«;^^PL©«®i:siKfltji35pffft*iRi©&a) *<ft«jffli*n* to 

ZXf-v5 1 li x St P ©7 UTStii P ffltl 

XY7f-v5 2l*aMRP<DXtt^|Rl»lFY*!l^|q]l3telt*(4«ft 

St57f-vPST (Z7f-v5 1 ) ±IZIi N SteX^-^P ST iit^iZ 

»f^p L^Lr^ib-r^^ib^s 4A<isi^e»tiriN^ 0 £7cs blasts 

4li*tlRl-rs&ai3l±U— tf^tf5 5/)<ifi!l^6tiTUSo *t5X^-i>-PST 
±CDfit5 P © 2 ;*7u:frfS)£>teS N StfEfte^li U -+f^>$I+ 5 5 lz£ 0 'J T)V5 
<< ATtfSI£*U H-)S'J$Smtt»^aC0NTl3i±S*^tl5o $<J^l^aCONT 
lib— !ff)#tt5 S^I+^i^lziSo-LAT^^^— >*iEHl^aP S T D^iEib 
-f%Zt Tlt^ f-yP S TlZ^^tlTL>5St5P©<iLa*to4ffao 

^ £ mom* - >©&&S*K P±l3fe^ l/n^BBIi* S*£ P 

»(*5 0l±^*^- 60t^il (iiW) PKi: So 
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$£(giMU hifefL i$J0 MKrFi+Wb-tl (M2 4 8nm) ^©1 

m^mm e x i±x jsi^^m p l (D^gp 7tat5P t <Dm(D^.m 5 6 icm^ 
mit^s 1 ttx *s^3fe^m p l ha&Kp fconaa>'j>fc < tt-gpm. s4sp©^ 

*TU£>o »#lsIi|XM2J3ttigilX«6©— ii6gpj!)^fifed*ix IsWX* 6 ©ffetftep 
IdlilsWX / XJU 5 tit t \ 5 o }ft#!s]JR£B 2 liigiR / X;u 5 RXf&HlR^ 

6 L« 5 6 (D%Lte 50^ laMX"*- £ «, £IH 5 6 5 0 ZMItTte. M 

mmm c o n t i*ffi»u 3 yxju^ir 

£IW5 6I^UT#(il^lH^fcOFJT^*a)Ja#5 0 3 ii t: blZ, mi*® 

iR^B 2 £IE») L N ©iR J X;U 5 X UWJHi 6 £^ LT#(4B$BB^ £ "9 ffi3t«© 

5 0 &£IH 5 6 cfc 0 [°]JJX-r £> o 3til3«k «9 . IS*^* P L (D%$m 7 
ffi P fc©IH©£filJ 5 6 13 ?W 5 0 tiS o 

tl, JSM^PLlcWLTs v^M^-X^Ir) (XI4+X 
#(r)) (CitJg VT^tbfS ©IZPHUi LTx XY7f-v5 2^UtiiP)!)H 
Xtfffi (Xtt-X^lRl) iC^yS • V (jSte&Jgfe*) -Z&m+Zo % Llx 1 
0©f>3 «y hfS«^©B3t^T^I3x S*5P0)^^«y^>^l3ctoT^<Dv3 y 
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Hj2l£ N &§i#3MsP KDSfc^SlW £s Jftfls 5 0 * Xtt#lRll;:ttlS*-*#«&>' 
X;U4 (4 A~4C) ii. $H*5 0$:lH]l|X-rS[sliJ7y ( 5 A n 5 B) t(D 

<£SKH$&jjx*-Hl?2&3 0 13 2 Infect $fcMJ7 (3fe^*?6 0©Jfei|ffl6 0 
A) (D^ttliYtt^lRjI^fflJlUJe^tt^J&oTfct). SMPLQ)»7 
£ X Ml^GlllH* t? «fc 3 Idx + X ^IrHBiJ(z: 3 y XJU 4 A ~ 4 C #IE«£ tu 

-X^|p]i|iJlz:2 0CDlHlJJX^X;U5 A N 5 B#BB«£*iTUS 0 * IT, GM&/X 
;U4 A ~ 4 C l^f 3 LtiS^if 1 lZ&tiit< tu EWX/ XJU 5 A N 
5 BliHWX<g4 Lr^IUilX^S 2 H^tiTU5, £fcs ftl^XJU 
A~4 ChEUR/ XJU5 A. 5 B fc^5t«6SB 7©4"tWi*t LTI»1 8 0° mfe 
L/cteSldv il&yX^8A~8Cts [°IiK^X;U9A. 9 B £:#IBB£ ftTU 
&o m&JX)\>4 A~4 ChjsWX; XJU9 As 9 B £li YM^[r]Iz:^SI3@B?>J^ 
ti. ftt^/X;U8 A~8C^ls]i|K/X;U5 As 5 B tit Ytt^lRjI^SfcHB?!!* 
tis XJU 8 A~8 Cl±tt*&« 1 0 iTMtt^gi 1 K&^c* *U is] 

i|XyX>»U9As 9BI*Ih]iRW1 1 %frLTmte®>lR&W2lZ&m$tl-C^%o S 

£fcs E13l'^-rj;^^s «g|3 7^^7!Y$4^[n]Wffl'J©^ti ; E ! tul^^/ 
XJU3K 3 2ZvD c (H]i|X-/X;U3 3 s 3 4 &13:l*i> 3 £>o 30)^/X 

;u^tf[s]iR^X;nz:J;0s x^>v^?$K)-ri>Pg(DSteP©^S^lRl (Ytt^ 
[r]) ^©^Hfj^ldfeLNrts g^^P LhS*5PsC©Rgiz:^f*:5 Ofc^L 

fc*>\ ±ILfe; X;U©^li#llPI^^tii. ; fc(D-e^< s M7U£9t$m&7 <D 

lanoi^T 2 ^(73 j x)i-cmw 5 o a>#tisxii®iix4ff -5 cfc a 13 UT^ £ U 0 
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Tiz^xmn u t t ct u o 

£><> stssam*. femmyt-fzfeisbizmKPZM&iDfa (xia^) iz&n-tz 

tZizmteS 0h^M1-i)gP^feo.T. #3*3*? 6 0C0TS6 0 A^«P 
KTffi©— «P&#t?*ft»5fe^P L0TI7A, &tfiIflDT®7 AlZjg$r*-S8i 
WPK©— gP(DfiiJ®7 B4#t? 0 *H«ifl5^l-*5t>Ts 5 0 l£7»a?fcSfc«K" 

&&%¥%kP LCD^gP7l^fct^T. 7"c^m^6 0a>^® (TBI) 6 0 AStf 

r 1 justs) ot^p KCDTmcDmwmmRxfmmp K<D®m*<£t;m2m: 

Bi^AR 1 (DyfoW (tK) 5 0l3^-ri.llfPt±^\ S2iif^A R 2 (Dfttt 

(*) 5 o\ztt-t2>mm±£vm< tez^^iz, sik m2m.mmwA r k a 
t^iiifiiA r 1 ic^L-ci^^i±^^-ri»^^bM^ (WMmm) . 

^2a®^A R 2I^LT(i^'t±^#^-r?)ft/mi!Q ! S (i&Wb&lil) 

l*ffi14<Z>*#^7fa?&£fctfK 7fe^6 0$tt;^1 HffiiSI^A R 1 lC*fTS 

mi£-tZZ£.-e* C(D^1ii^AR 1 I^LTtt7ki±*#4--rSo fcSlMi. 
#13l®fI**AR 1 (D^fT? 6 0<©T®6 0 ARlfmMP KIZ**LT\ fllaJi 
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fr?6 o t&m&tt-e&ZMffiP Kh£#A/Tri>sfc#K «7k<b*asi-s%&s 

So ff§2Sl®$IMA R 2lzM-f2>m7Mt*!mt L"Cn mi* 7 y3K&#fc®14© 
TS7K14S#4t5o fc&lM*. teS**^fcLTE37'y^bj»JI£ (CFJ 

l^. *^PI^1-?»^7jc<btoShLTIi. ±^U££?fcmi£7^U=i-JI'fc 

-/=i - t>-\zmiR*ffi&-fz>m\z^ mm*m$T2>frisb(D}9tftjLm*m+2>z 
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j&fcx ±&ufcs^«Ex&ffl^T^**M©/t*->&^piz:B&-a-£ 

?X^Mtf?7^7f-vM S TIHD- K£*ii> a*5P#2£ffi*^ 

-5>*p s Tiza- petite*. (w»McoNTiii«*#fc*w*«i *«a&u g 
M5 6t»"r*»fWtt&»f^*Ba>e«o ^ttisiti i*£H5 6 incurs 

ttEP©tS»#iai35&^TJftf*:5 Ofc#WS«o ^EPXa (BI2#i) Tr 

TF-fjEttfa (-X^IrI) UiaffiPfclHft^TjfeM^&fTdlil^fcfis 
<g3 N i^yXJUA~4C, 4 N ^t>*l°]i|X / X;U 5 A , 5 B^fflUT, 

1 SimffclsJiK^S 2 U:«fc 0 5 0 O^ttXtflsliR tfftt>ti2> o 
atSEP^-X^lRjJ»«i-r*l«i:ii. #t$^3S.W^^X;U4 (4 
A~4 C ) LT»f*:«l&S« 1)^6**5 0 tf&I^^ P L Ptffi 
IBClfltf&^tiSfcfc'&Klx EIiR/X^5 ( 5 A N 5B) . 6 £^ LT 

##5 0A<}Sf*:lHli|X^S2I^IsliiX^*lx U>X6 0 P fc©fH «k -5 

I3-X^[r]IZ^#:5 OtfSfctlSo ^EPX bfit^I^lSl ( + X£|r|) IZ 

&mp*&&>£-&-c7£&myt*?r5m&izi*^ 1 o s «^/x;u8a~8 

C. SMMM 1 s StfM^ X;U9 A N 9 Bfcffl^T. m^H^m 
@i|X^2l3«fc<9^5 0©ttM«A^t)*iSo x S*£Ptf+X 

^Id^Kj-r^l^lZlli, 0RV&&SX)\,8 (8A-8C) *4hUT» 

<*tt*&$IS 1fr6»(*5 0 #*ftlB3te^ P L hSffi P t(DBBIitttS**i* i: £ «fc 
In* EWR->XJU9 (9 A. 9B) x RtfEURfcl 1 £^LTJfc#5 OfcTOttlsMX 
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^g2iz:iH]ijx^tL. u>X6 o t&fcp tcoffl&ffitt&^iz+xisftiZitiLtes 

m.2*m^Tm&pmm-%faizfe?-c%Lte5 o*zn-to zam-s, m?u*mte 

^S^fS][3P&i;T^#:5 0*fcT1jfa*W>9Wz-ZZt\z£K), +X*[q], Xli 
5 OfcStfiP fcl±«ftH±Jtflflsl*fc«>x ^Mft0l4*#^o HI 5 (b) ligJEPtf 

ssxf-vP s tizj: o xt&i,miz&m*ffliteLtJifcm*7F-tmT-tbz 0 

5 0(i^ib^-i.StfiPII?lo§S6tL2)ct-5lZLT^-r5o ^5 0tSISPt 
ti«Bfn14jWgl*fctox *f*5 0Jia45P0Da®A^6fi*i^-rtNo H5 (c) (±£ 
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